We monitored temporal changes in body size for three cohorts of a partial migratory, lake-migrating brown trout population. We tested if body mass differed between nonmigratory males, migrants, and other members of the cohort (females and immature males). We hypothesized that large-sized individuals would mature as nonmigratory males or migrate at younger ages than smallsized individuals. As previous studies have shown that female fecundity is influenced by body size and that more trout from the downstream section (D) of the stream migrated than from the upstream section (U), we hypothesized that there would be a greater proportion of mature males in D than U. We found that body size of males that reproduced was similar to migrants that migrated the subsequent spring and larger than other cohort members. Reproducing males had a larger body size than equal-aged males that delayed reproduction. Similarly, individuals that migrated had a larger body size than equal-aged individuals that migrated subsequently. The proportion of mature males was greater in D than in U. The fact that body size differentiation occurred late in ontogeny and that age of maturation and migration varied within cohorts suggests that the decision to mature or migrate might be conditionally dependent.
Introduction
For salmonids, migration is normally associated with movements between feeding, refuge, and reproductive areas [1] . By exploiting better feeding habitats (i.e., the sea or a lake), migration normally enables individuals to attain high growth rates, size-at-age, and fecundity [2] . There are also drawbacks to migration as the migratory journey itself often is associated with delayed reproduction, high mortality, and energy and time losses [3, 4] . Females should predominate among migrants [5] [6] [7] [8] because high fecundity is more closely associated with large body size in females than in males [9] [10] [11] . Females may also benefit from large body size as they may be more attractive to males and better able to defend and obtain high-quality spawning nests than small-sized females [12, 13] .
Thorpe's [14] studies of Atlantic salmon suggest that migratory and resident tactics can be viewed as two conflicting developmental processes, where individuals that optimize for residency (i.e., delay or exclude migration) focus their energy on maturation, whereas migrants focus their energy on somatic growth, with the potential of obtaining high payoffs by delaying reproduction. Maturation should be the first priority for all individuals, occurring if a series of genetically determined threshold conditions are met [15] . The thresholds are believed to be based on some combination of an individual's body size, growth rate, and/or energy reserves [15] [16] [17] [18] . If the threshold is not exceeded, the individual may either become migratory, or else delay its decision as to whether it should migrate or become sexually mature [14, 15] .
Several studies have demonstrated that environmental factors can promote residency in migratory populations and migration in resident populations, although the role of genetics cannot be ignored [4, [19] [20] [21] [22] . Individual growth rates are believed to be of particular importance [21] [22] [23] [24] , in part because habitats providing high growth rates normally promote residency, whereas habitats providing low growth rates promote migration, although the opposite relationship 2 ISRN Ecology has also been reported [2, 20] . It is believed that individuals with high metabolic demands experience stronger food limitations than individuals with low metabolic demands [25] . However, the extent to which this is realized should depend on environmental conditions. For example,Álvares and Nicieza [26] found that survival and growth of brown trout were negatively correlated with metabolic rate in two wild populations, whereas no correlation was detected in two other populations. Thus, a combination of internal (i.e., metabolic rates) and external factors (i.e., growth opportunities) presumably determines individual fate and whether an individual decides to migrate or mature as a nonmigrant.
In partial migratory populations, migration is not undertaken by all individuals, even though all individuals presumably originate from the same gene pool [19, 27] . Previously, in Greåna River, we studied partial migration in a lake-migrating, brown trout population, whose genetic background is not known, and found that most migrants originated from a downstream section (D: downstream section) in Greåna River, where population density was high and individual growth rates were low. In contrast, few migrants originated from an upstream section (U = upstream section) in the river, where population density was low and individual growth rates were high [28] . A transplant experiment, in which brown trout from the D was moved to the U and vice-versa, showed that the decision to migrate to the lake was influenced by environmental factors as U individuals exposed to D conditions decreased their growth rates and increased their migratory tendency, whereas D individuals exposed to U conditions increased their growth rates and decreased their migratory tendency [22] .
Because growth rates and body weight might influence whether an individual will become migratory or mature as a nonmigrant [4, 20] , we tested if body mass differed between future (1) nonmigratory males, (2) migrants (include both males and females), and (3) other members (i.e., females and immature males that never developed any detectable tactic during the study period) from three different cohorts of this landlocked, partial migratory lake-migrating population of brown trout. Within each of the cohorts, we hypothesized that large-sized individuals would mature as nonmigratory males or become migratory at younger ages than small-sized individuals. Furthermore, based on differences in growth and migration rates between the D and the U, we hypothesized that U males would mature at a younger age than D males. Moreover, we hypothesized that the relative proportion of mature males would be greater in D (migratory habitat) than in U (nonmigratory habitat). The high proportion of mature males in D is predicted because females are believed to be more motivated to migrate to the lake, where growth opportunities are presumed to be good than males, since female fecundity (i.e., number of eggs produced) is more strongly influenced by body size than male fecundity.
Material and Methods

Study Site.
The study was conducted in Greåna River, which is characterized by two distinct spawning and rearing areas, D (250 m-long, 1335 m 2 ) and U (265 m-long, 950 m 2 ), that are geographically separated by a slow-flowing 560 m long lentic segment (area: 70 000 m 2 ). Migrants from both D and U migrate downstream to LakeÖvre Gla. Detailed information about the study site, the brown trout population and the tagging program is found in Olsson and Greenberg [28] . year from 2001 to 2003. By following individual development during this period, we were able to divide the fish into three groups: (1) nonmigratory mature males, (2) migrants and (3) an unspecified nonmigratory group consisting of females and immature males (hereafter referred to as the mixed group). We estimated population density of each age class of brown trout in 2001 and 2002 in the D and the U by the three-pass electrofishing removal method, conducted in 6-39 m long stream sections [29, 30] . Age was determined by examining length frequency distributions and through the fact that we followed individually marked fish, of which many were marked during their first year of life. Migrants were identified based on captures in a fish trap that was designed to capture all fish as they exited the mouth of the river. Non-migratory mature males were captured by electrofishing in October and November 2001-2003 and identified by palpating the abdomen to see if milt was released. During the spawning season in 2003, mature males were also identified by analyzing blood plasma 11-ketotestosteron (11-kt) samples for 27 (26 tagged) individuals from the D and 21 (20 tagged) individuals from the U. Blood plasma was sampled from the caudal peduncle using a syringe and then collected in heparinized tubes that were centrifuged so that the plasma content could be drawn off before being stored at −70 • C. Later, the plasma content of 11-kt was analyzed by radioimmunoassay [31] . The concentration of 11-kt ranged from 0.9-7.3 ng mL −1 , where values of 0.9-1.6 ng mL −1 corresponded to females and immature males, and values >1.6 ng mL −1 11-kt corresponded to mature males, based on previous abdominal palpations of the fish.
Olsson et al. [22] conducted a transplant experiment in Greåna River in 2001 and found that growth rates increased for D individuals transplanted to the U during autumn 2001, whereas U individuals transplanted to the D decreased their growth rates. Thus, the 2001 data on body mass for transplanted fish is presumably biased and has therefore been removed (number of body mass readings removed: 689) from the analysis, that is, only data for nontransplanted fish were analyzed. However, the transplantation did not change original densities and the transplantation effect on growth rates was short-termed as growth differences between transplanted and nontransplanted individuals were nonsignificant in subsequent years. Thus, body mass development of transplanted and nontransplanted individuals was analyzed together for each of the cohorts in 2002 and 2003. 
Analysis. Ideally, we would have wanted to test for differences in individual growth rates between nonmigratory males, migrants, and the unspecified group of nonmigrants. In theory, this should have been possible as PIT-tagging individuals allowed us to follow fish over time. However, such an analysis requires that the same fish be recaptured between successive samplings, which in our case would have reduced sample sizes for nonmigratory males and migrants to levels that precluded statistical testing. Consequently, we tested body mass, and we followed changes in body mass over time as a proxy for growth rates. Because of both low sample sizes for some groups and very large differences in sample sizes between groups, Kruskal-Wallis tests were used to test for differences in body mass (g) between migrants, mature males, and the mixed group for each sampling period separately. Chi-square tests were used to test if the propensity to mature and the age of maturation differed between D and the U, and if the number of individuals with low (<1.6 ng mL −1 ) and high (>1.6 ng mL −1 ) concentrations of 11-kt differed between the D and U habitats in 2003. All statistics were performed using SAS, version 8.2 (SAS Institute, Cary, NC, USA).
Results
Descriptive.
For 2001 and 2002, the mean densities (100 m −2 ± 95% CI) of brown trout aged 0+ and 1+ years were higher in the D (43.0 ± 2.6 and 14.9 ± 1.3, resp.) than in the U (34.7 ± 0.9 and 11.0 ± 0.2, resp.). These between section differences in density were substantial since there was no overlap in the 95% CI. In contrast, densities of ≥2+ year old brown trout did not differ between sections (D: 3. (Table 1) . As we caught all migrants in the trap at the river mouth and approximately 70% of the population in the river, based on Zippin [29] , the nonmigratory fraction is probably underestimated in relation to the migratory fraction for each of the three cohorts. The two different tactics, that is, to migrate or to remain in the river, were not irreversible as three mature males (one 1+ and two 2+ years old) captured in the river in 2001 and 2002 became migrants the year following spawning. In addition, three male migrants (two 2+ and one 3+ years old) returned and matured in Greåna River after two to four months in the lake (referred to as "finnocks").
Maturation.
In May of each year, an average of 6% (range: 4-8%) of all brown trout sampled in the river was mature males, and 25-40% of these males had bite marks on their bodies, presumably originating from spawning activities. The proportion of mature males did not differ between the U and the D habitats (aged 1+: X 2 1 = 0.3, P = 0.575, 2+: X 2 1 = 0.05, P = 0.820, 3+: X 2 1 = 0.05, P = 0.820), nor was there a significant difference in the age of maturation between the U (mean age: 1.9) and the D (mean age: 1.7) habitats, although there was a tendency for U males to mature at a younger age than D males in 2002 and 2003 (X 2 2 = 5.2, P = 0.074 and X 2 2 = 4.8, P = 0.091, 2002 and 2003, resp.). The hormone level analysis in 2003 revealed that the relative number of mature males was higher in the D than in the U (X 2 1 = 5.0, P = 0.025, Figure 1 ).
Changes in Body Mass over Time.
By examining changes in body mass over time, three general patterns emerged. First, for a given age class, individuals belonging to the mixed group had a lower body mass than mature males that would reproduce later in the same year and migrants that would migrate the following spring (Table 1, Figure 2 ). Second, males maturing during the current year had larger body mass than same-aged males that reproduced in subsequent years. Similarly, body mass of individuals that migrated the following spring had larger body masses in the autumn than same-aged individuals that migrated in subsequent years. Below we illustrate these general patterns for each of the three monitored cohorts. Figure 2(a) ). The following May, there were no differences in body mass between maturing males, migrants, and the mixed group. In autumn 2002, mature males and individuals that would migrate the following spring (2003) Figure 2(b) ). In May 2002, 2+ migrants had a larger body mass than 2+ males that would reproduce in autumn 2002, as well as future migrants (2003) and individuals belonging to the mixed group. In September 2002, mature males had larger mean body mass than both individuals migrating the subsequent year (2003) and the mixed-group individuals, whereas in October migrants exhibited an accelerated growth so that mature males and migrants had similar mean body masses, and both these groups of fish had larger body masses than individuals from the mixed group. By May 2003, the migrants had larger body mass than the postspawned males (2+), which in turn were larger than the mixed-group individuals. Due to small sample sizes, we did not test for differences among groups in autumn 2003. However, during September and October 2003, three individuals originating from the mixed group decreased in body mass considerably, indicating they might have been females that spawned. 
Cohort
Discussion
Variation in life-history tactics within the brown trout population in Greåna River was considerable, with patterns just as complex as shown for many anadromous salmonid populations [4] . Individuals aged ≥1+ developed either migratory or resident tactics, and in a few cases individuals chose both tactics (i.e., mature males became migrants in subsequent years and vice-versa). Interestingly, a relative large fraction of the population never developed any detectable tactic, that is, the mixed group that consisted of females and immature males during the study period ( Table 1 ). In general, the females and immature males had a lower body mass than both migrants and mature males. Presumably, many of these individuals died during the study period. Moreover, some of these individuals were likely to have been mature females, especially in the U, as less than 5% of the brown trout migrated from this river section. The large loss in weight (20%) by 3 individuals belonging to the mixed group in autumn 2003 may reflect the fact that some of these individuals were postspawning females.
As migration rates were higher in the D than in the U [28] , we predicted that the male to female sex ratio would be higher in the D than in the U. The hormone analysis supported this prediction as the number of mature males relative to the number of females and immature males was higher in the D than in the U. This result is consistent with previous studies, where females have been reported to migrate at a higher rate than males, suggesting that females benefit more from migration than males [5, 6, [8] [9] [10] .
As reported previously in Greåna River [28] , migrants increased their body mass dramatically from October to May, presumably due to high consumption rates, particularly in the spring [25, 32] . Large body mass is associated with a relatively low size-dependent mortality during migration and post-migration [3, 20] . In contrast, postspawning mature males sampled in May (2003) showed no increase in body mass and had severe bite marks on their body, probably due to high energy expenditures and hazardous activities involved in spawning as sneakers [4] . The fact that only a few males were recaptured during postspawning conditions may also indicate that mortality rates were high during spawning [33] . Another possible explanation as to why so few mature males were recaptured could be that they migrated to the lake. This "mix" of tactics is typical for salmon but has rarely been reported for brown trout [5, 6, 23] . In Greåna River, however, migration does not appear to be responsible for the low recapture rates since only three postspawning males became migratory, based on captures in the fish trap.
As numerous studies have shown that it is mainly largesized and fast-growing individuals that mature as resident males and at a young age [32, 33] , we predicted that nonmigratory males would mature at younger age in the U where growth rates were higher than in the D, where growth rates were low. However, we did not find statistical support for this hypothesis, given that there was a tendency 6 ISRN Ecology for mature males to be younger in the U than in the D in 2002 and 2003 (P = 0.074 and 0.091, for respective years), but this may reflect small sample sizes for mature males.
For both hatchery-reared salmon and wild populations of brown trout and brook trout, it has been reported or proposed that individuals with high metabolic rates and feeding motivation often grow fast and develop migratory behavior as they become growth-limited, which contrasts with the situation for slow-growing, nonmigratory individuals with low metabolic rates and feeding motivation [23, 25, [34] [35] [36] [37] . Our results corroborate these earlier findings in so far as the migrants had a larger body mass than females and immature males. However, we were unable to distinguish between migratory individuals and mature males based on size. In the literature, the evidence is equivocal as to whether fast-growers migrate or mature as residents [20] . Thorpe [14] hypothesized that a salmon's first priority should be to mature as soon as possible and that migration should only take place if energy resources are insufficient for maturation. Furthermore, Thorpe et al. [15] suggested that individuals have several windows of opportunity to decide whether to mature or to migrate, the first one is approximately one year before spawning in autumn and the second the following spring. At each of these "windows," the individual evaluates whether or not its energy reserves exceed a certain threshold level. If the thresholds are not met, maturation will not take place, instead the individual is believed to prepare itself for migration, but only if an additional threshold is exceeded. The thresholds are believed to be genetically determined and influenced by both "internal factors," such as metabolic costs and feeding intensity and "external factors", such as feeding opportunities and competition.
We hypothesize that brown trout that elects to mature meets the necessary energetic requirements for maturation, whereas other individuals, albeit of similar size, elect to migrate, presumably due to higher metabolic requirements than the maturing resident males [38] . The facts that there was a large variation in the age of maturation and migration and that the decision to mature as a resident or become migratory is taken relatively late in ontogeny are consistent with the notion that both the resident and the migratory tactics might be influenced by environmental factors [22] , even though the role of heritability has not been evaluated in this system. This is probably because growth and survival vary with body size (age) and between habitats [20] . Moreover, individuals within the same population might vary in their metabolic requirements, which should also lead to differences in the age at which individuals decide to mature as residents or migrate [39] . This high level of variation in different attributes, in combination with the work by Wysujack et al. [40] and Olsson et al. [22] , who found that the proportion of migrants varied in response to changing food availability, suggests that the decision to mature as a resident or become migratory is conditionally dependent.
